Background-We previously mapped a quantitative trait locus on chromosome 15 in mice contributing to high-density lipoprotein cholesterol and triglyceride levels and now report the identification of the underlying gene. Methods and Results-We first fine-mapped the locus by studying a series of congenic strains derived from the parental strains BALB/cJ and MRL/MpJ. Analysis of gene expression and sequencing followed by transgenic complementation led to the identification of zinc fingers and homeoboxes 2 (Zhx2), a transcription factor previously implicated in the developmental regulation of ␣-fetoprotein. Reduced expression of the protein in BALB/cJ mice resulted in altered hepatic transcript levels for several genes involved in lipoprotein metabolism. Most notably, the Zhx2 mutation resulted in a failure to suppress expression of lipoprotein lipase, a gene normally silenced in the adult liver, and this was normalized in BALB/cJ mice carrying the Zhx2 transgene. Conclusions-We identified the gene underlying the chromosome 15 quantitative trait locus, and our results show that Zhx2 functions as a novel developmental regulator of key genes influencing lipoprotein metabolism. (Circ Cardiovasc Genet. 2010;3:60-67.)
D espite several large-scale genome-wide association studies, the genetic factors contributing to lipoprotein metabolism remain poorly understood. Thus, the loci identified thus far explain Ͻ20% of the hereditary component of lipoprotein levels, except for lipoprotein(a). [1] [2] [3] [4] [5] This is explained in part by complex gene-by-environment interactions, rare variations, and population heterogeneity. 6 Moreover, some of the novel loci contain multiple genes or genes with no known connections to lipoprotein metabolism, and establishing their functions based on human studies will be difficult. 7
Clinical Perspective on p 67
A complementary approach to understand the biology and genetics of lipoprotein metabolism is to study natural variations in experimental organisms such as mice and rats. 8 Although the common variations contributing to interindividual differences for complex traits are unlikely to be conserved between species, one would expect a level of conservation of the pathways involved. Unfortunately, efforts to identify genes for complex traits in mice and rats have rarely been successful. 9 A major problem has been the lack of mapping resolution in quantitative trait locus (QTL) analyses. 10 We report here the dissection of a QTL for lipoprotein levels in mice with a strategy based on the analysis of congenic and subcongenic strains, followed by screening for structural and regulatory gene variations.
We previously mapped a locus on chromosome 15 (Chr.15, named Hyplip 2) contributing to complex variations in total cholesterol, high-density lipoprotein cholesterol, and triglyceride levels in a genetic cross between strains BALB/cJ and MRL/MpJ (MRL). 11 To validate the QTL mapping results, the Chr.15 region from MRL was introgressed onto the background of BALB/cJ strain. Analysis of the congenic strain, named CON15, confirmed the QTL findings and revealed a striking influence of the locus on susceptibility to diet-induced atherosclerosis. 12 Further biomedical studies of the congenic strain showed that the variation influenced clearance of triglyceride-rich lipoproteins rather than their production. 13 In this study, the congenic strain, encompassing Ͼ100 Mbp, was narrowed to Ϸ5 Mbp by analysis of subcongenic strains. Examination of the genes residing in the region by sequencing and quantification of transcript levels identified a strong candidate, the zinc fingers and homeoboxes 2 (Zhx2) transcription factor, previously shown to contribute to the developmental regulation of ␣-fetoprotein. 14 We confirmed that Zhx2 variation was indeed responsible for the lipoprotein alterations in mice by using transgenic complementation and showed that a major impact is altered expression of lipoprotein lipase (Lpl), an enzyme central to the metabolism of triglyceride-rich lipoproteins.
Methods

Animals and Diets
Strain BALB/cJ mice were obtained from the Jackson Laboratory (Bar Harbor, Me). Strain BALB/cH was obtained from Harlan (Indianapolis, Ind). CON15 was constructed as described previously. 12 Mice were fed a standard rodent chow diet containing 4% fat (Ralston-Purina Co., St. Louis, Mo.).
Developmental Curves
BALB/cJ and Sub13 mice were euthanized at birth and 5, 14, and 60 days after birth. The livers were removed and immediately frozen in liquid nitrogen. Five livers were taken for each time point from each strain. RNA was extracted with use of the Qiagen RNeasy kit, and cDNA was synthesized with use of the Applied Biosystems cDNA kit. Expression levels were assessed by quantitative real-time polymerase chain reaction (PCR).
Liver-Specific Zhx2 Transgenic Mice
A liver-specific transthyretin promoter/enhancer cassette identical to that used in a previously published study 14 was used to generate Zhx2 transgenic mice. Three independent founders were crossed to BALBc/J. All 3 transgenic founders expressed Zhx2 at a very similar level and corrected the elevated ␣-fetoprotein phenotype. Offspring of 1 representative founder were transferred to the University of California, Los Angeles Animal Facility, and used for further breeding and lipid analysis. To generate mice for data collection, these mice were first bred among themselves, and progeny containing the transgene were backcrossed to BALB/cJ mice. Mice were bled under isoflurane anesthesia after overnight fasting at 8 weeks of age after having been fed a chow diet. Blood was collected through the retro-orbital vein into EDTA anticoagulant as previously described. 12 Plasma total cholesterol, high-density lipoprotein cholesterol, and triglyceride levels were measured with enzymatic assays. Transgenic livers for quantitative PCR analysis were also collected at 8 weeks of age from a separate cohort of mice and immediately flash-frozen in liquid nitrogen. RNA was extracted by using the RNeasy kit (Qiagen).
Subcongenic Mapping and Genotyping
In brief, the subcongenic strains were isolated by identifying recombinations within the Chr.15 locus. Parental CON15 mice heterozygous at the Chr.15 locus were intercrossed, and progeny were genotyped at the selected polymorphic microsatellite markers (Research Genetics) by PCR. Near the area of the critical region, a dense series of polymorphic markers (Ϸ1 Mbp) apart were typed (between D15Mit26 and D15Mit101) to pinpoint the recombination break point. Recombinant strains were expanded, and progeny were analyzed for plasma lipid levels. For each subcongenic strain, a minimum of 20 mice were examined. The BALB/cJ mice used for analyses were offspring of a CON15 intercross lacking the MRL allele, to minimize the genetic background variation. The Zhx2 mutation was genotyped by using primers that mapped within the first intron of Zhx2 and that flanked the retrovirus insertion site. 14 The resulting 342-bp DNA was amplified in an undisrupted wild-type allele, while the presence of insertion lacked the PCR product. Each DNA sample was also amplified with control PCR primers that mapped within the third exon of Zhx2 (776-bp product; supplemental Table I ).
Plasma Lipid Analysis
After overnight fasting, mice under isoflurane anesthesia were subjected to blood collection through the retro-orbital vein into EDTA anticoagulant as described. 15 Mice were bled at 8 to10 weeks of age. Plasma total cholesterol, high-density lipoprotein cholesterol, and triglyceride levels were measured by enzymatic assays. 15
Real-Time Quantitative PCR Analysis
Two-month-old males from BALB/cJ, Sub6, or Sub13 strains maintained on a chow diet were fasted overnight and euthanized, and livers were removed. Total RNA was isolated from mouse tissues with RNAlater (Ambion) and RNeasy isolation kit (Qiagen) incorporating on-column DNase treatment according to the manufacturer's instructions. Three micrograms of total RNA was reverse-transcribed with the use of random hexamers and Superscript-III reverse transcriptase (Invitrogen). Quantitative real-time PCR was performed as described previously. 16 cDNA sequences for the analyzed genes were obtained from a gene bank and primers were designed with the use of PrimerQuest software (IDT Technologies). For each gene, all available mRNA sequences in the GenBank were analyzed to identify common regions, which were then used for primer selection to ensure targeting of all gene splice variants. Sequences of primers can be found in supplemental Table II . Each individual mouse cDNA was analyzed separately by the relative standard curve method. A standard curve was first constructed for each transcript, including actin (used as endogenous control) by pooling aliquots of sample cDNAs and preparing serial dilutions. Relative expression values of each gene in individual samples were then obtained from the constructed standard curve and corrected for actin expression. The final data are expressed as the mean difference in gene expression level for the indicated strain relative to BALB/cJ littermates (set to 1) Ϯ1 SD.
Expression Arrays
BALB/cJ males (nϭ4) and Sub13 males (nϭ4) maintained on a chow diet at 2 months of age were fasted overnight and euthanized, and livers were removed. Tissues were stored at Ϫ80°C in RNAlater (Ambion), and RNA was isolated with the RNeasy isolation kit (Qiagen) incorporating on-column DNase treatment according to the manufacturer's instructions. RNA from 8 samples was analyzed on an Agilent 2100 Bioanalyzer (Agilent) to assess the RNA integrity and hybridized to Illumina MouseRef-8 Expression BeadChip according to manufacturer instructions. Data were processed with BeadStudio software (Illumina), and probes were selected on the basis of the threshold of Ն95% probability of positive signal detection. To select differentially expressed genes between the 2 strains, we used expression array analysis software GeneSifter.Net (VizXlabs, Seattle, Wash) with cutoff criteria PϽ0.05 (Student's t test with Benjamini and Hochberg correction for the false-discovery rate) and absolute mean value fold change Ն1.5. Gene expression differences passing these criteria were expressed as the mean fold change between the compared strains (supplemental Table III ).
Sequencing
PrimerQuest software (IDT Technologies) was used to design PCR primers spanning coding exons (genomic DNA) or in some cases, cDNA of genes within the critical region (supplemental Table I ). Sub6 and BALB/cJ liver-derived cDNA was isolated as described previously. Genomic DNA was isolated with the Qiagen DNeasy kit. Amplified PCR products were sequenced on an Applied Biosystems 3730 instrument (Laragen Inc) and sequences were aligned with Vector NTI software (Invitrogen).
Statistical Analysis
Data are presented as meanϮSEM. The ANOVA t test was performed with Statview (Abacus Concepts, Inc) to compare differences between groups in lipid and gene expression levels. Differences were considered statistically significant at PϽ0.05. Because the traits tested were not independent of 1 another, a multiple-comparison adjustment was not performed; but with the exceptions of triglyceride levels in males and total cholesterol levels in females, the results remained significant after Bonferroni correction (supplemental Table  IV ). Previous studies demonstrated that the lipoprotein traits tested are normally distributed, with the exception of triglycerides. Both parametric and nonparameteric values can be found in supplemental Table IV .
Results
Subcongenic Strain Generation and Fine-Mapping of the Chr. 15 Locus
We have previously demonstrated the feasibility of subdividing the CON15 region (100 Mbp) into 2 smaller segments by using the subcongenic breeding strategy. 12 Given this early success, we further subdivided the CON15 region by generating a total of 13 recombinant subcongenic strains, differing in the length and position of the MRL segment. Male and female progeny of each subcongenic strain were analyzed for plasma cholesterol and triglyceride levels and compared with CON15 and BALB/cJ counterparts. Five strains (Sub6, Sub10, Sub11, Sub12, and Sub13) proved to be most informative ( Figure 1 ; supplemental Table V) . Because of large nongenetic variations in plasma triglyceride levels, fasted plasma cholesterol levels in males were used as the main phenotype to narrow the locus. The Sub6, Sub11, and Sub13 strains had significantly elevated plasma cholesterol (30% to 40%) compared with BALB/cJ, similar to the CON15 strain. In contrast, strains Sub10 and Sub12 exhibited plasma cholesterol levels similar to those in BALB/cJ and significantly lower than those in CON15. This was true for heterozygous and homozygous animals carrying the MRL alleles at the subcongenic locus, consistent with a dominant pattern of inheritance (supplemental Table V ). Cholesterol levels in females showed somewhat smaller differences, intermediate between CON15 and BALB/cJ strains. Based on the segregation of plasma cholesterol levels with individual strain genotypes, the original locus could be reduced to Ϸ5 Mbp region spanning markers D15Mit184 (24 cM) and D15Mit46 (26 cM) ( Figure 1 ).
Expression Analysis and Sequencing of Genes Within the Critical 5-Mbp Region and Identification of Zhx2 as a Hyplip2 Candidate
At this stage, further subdivision of the locus was not practically feasible. To identify the candidates, we chose a systematic 2-prong approach, combining gene expression profiling and sequence analysis. We reasoned that the underlying genetic variation would either have a pronounced effect on mRNA expression or result in modification of the protein coding sequence. Based on external databases (RefSeq, Uni-Prot, and GenBank), the 5-Mbp critical region harbors 30 genes (supplemental Table VI ). We used quantitative PCR to analyze expression of all 30 genes and associated transcript variants in livers of BALB/cJ and Sub6 strains (Figure 2A ). Liver was selected because of its key role in modulation of plasma lipid metabolism. These experiments were initiated before isolation of the Sub13 strain, therefore leading to the choice of strain Sub6. Of 30 genes, 28 were detectable in the liver, of which the majority showed remarkably similar expression in the 2 strains. Two genes exhibited a Ͼ2-fold difference between the 2 strains: Zhx2 expression was strikingly reduced in BALB/cJ mice (38-fold), and BC030396 expression (coding for hypothetical protein MGC14128) was also reduced in BALB/cJ mice (3-fold), but its expression in the liver was very low, approaching the limits of detection. Even at relatively high RNA (cDNA) inputϭ30 ng, the average fluorescence threshold cycle (Ct) value for BC030396 in the quantitative PCR reaction was Ͼ35, nearing single-copy quantities and difficult to precisely quantify. On comparison, the average Ct values for Zhx2 were 26 and 32 in Sub6 and BALB/cJ strains, respectively. Sequencing of coding exons and exon/intron boundaries of genes present in the critical region led to the identification of several singlenucleotide polymorphisms. However, none of the identified single-nucleotide polymorphisms resulted in amino acid alterations and were absent in the exon/intron splice junctions (supplemental Table VI ). Thus, Zhx2 became our primary candidate because of the very large difference in mRNA levels between the 2 strains.
During the course of this work, Perincheri et al 14 showed that the BALB/cJ strain contains an endogenous retroviral insertion in the first intron of the Zhx2 gene, greatly reducing levels of correctly spliced mRNA and functional protein. This recessive mutation results in a failure to fully repress postnatal expression of the ␣-fetoprotein and H19 genes in the livers of the BALB/cJ strain. We designed genotyping primers that flank the retrovirus insertion site of the Zhx2 gene. As predicted from the individual strain genotypes (Figure 1) , the Zhx2 mutant allele (lack of the 342-bp product) was present in the BALB/cJ, Sub10, and Sub12 strains and absent in the A, Liver expression of genes located within the critical region (between markers D15Mit184 and D15Mit46) was analyzed by quantitative PCR in BALB/cJ and Sub6 males as described in Methods section. Results are expressed as the mean differences in expression levels of each gene in the Sub6 strain relative to BALB/cJ strain (set to 1) Ϯ1 SD. *Significantly different mean expression value from control (PϽ0.05). ND indicates genes below detectable levels. Liver mRNA levels of the BC030396 gene in both strains were very low and bordering detection limits of quantitative PCR. P values are shown only for genes with mean expression values differing by Ͼ2-fold. B, Retroviral insertion in Zhx2 gene segregates with plasma cholesterol levels in CON15 and subcongenic strains. DNA isolated from individual strains was subjected to genotyping for the presence of retrovirus insertion in Zhx2. As indicated in Methods section, the presence of a 342-bp product indicates the wild-type allele, whereas absence of the 342-bp product indicates presence of a homozygous mutant allele. As a PCR quality control, the region within the third exon of the Zhx2 gene was also amplified (776-bp product). Plasma cholesterol levels in BALB/cJ, Con15, and subcongenic strains (male mice) are shown below the Zhx2 genotypes. For subcongenic strains, heterozygous and homozygous male cholesterol values were combined and expressed as meanϮSEM.
CON15, Sub6, Sub11, and Sub13 strains. Thus, the Zhx2 mutation segregated with reduced plasma cholesterol levels in subcongenic strains ( Figure 2B ).
Validation of Zhx2 as the Causal Gene
The Zhx2 mutation found in the BALB/cJ strain does not occur in other closely related strains, such as BALB/cH or BALB/cBy. 14, 17 Consistent with a role for Zhx2 in plasma lipid levels, we observed that cholesterol levels in BALB/cH mice (130Ϯ3 mg/dL) were significantly higher than in BALB/cJ mice (103Ϯ2 mg/dL) but very similar to those in Sub13 mice (133Ϯ4 mg/dL; supplemental Figure I) .
To validate the hypothesis that Zhx2 was the gene responsible for the phenotypic differences between BALB/cJ and MRL strains, we used a transgenic complementation approach. The Zhx2 coding region was subcloned into an expression vector driven by liver-selective transthyretin promoter to generate transgenic mice. Transgenic founder mice were backcrossed to the BALB/cJ background until homozygous for the Chr.15 BALB/cJ allele and further crossed to BALB/cJ mice to generate offspring littermates, with and without the transgene, which were then used for phenotyping ( Figure 3 ). Both male and female Zhx2 transgenic mice exhibited significantly elevated plasma cholesterol and triglyceride levels, in essence identical with those in the CON15 strain and very similar to those in the subcongenic strains carrying the MRL allele. These data were consistent with the level of Zhx2 expression in transgenic mice, which was very similar to endogenously expressed gene (Figure 4 ). When compared with BALB/cJ mice, Zhx2 expression was 34-fold higher in transgenic mice and 49-and 38-fold higher in Sub13 and Sub6 strains, respectively. These data thus confirmed that the Zhx2 mutation underlies the Chr. 15 QTL.
Gene Expression Profiling and Identification of Lpl as a Gene Regulated by Zhx2
The Zhx2 gene was cloned recently as a member of the ZHX gene family, functioning as a transcriptional repressor and binding partner of nuclear transcription factor Y alpha (NF-YA) in vitro. 18, 19 In vivo and in vitro studies indicate that Zhx2 functions as a postnatal repressor of the fetal liver genes ␣-fetoprotein, H19, and Glypican 3. 14, 20, 21 It is therefore highly plausible that Zhx2 also influences lipid metabolism by regulation of downstream gene targets. To help understand the underlying mechanism, we compared global gene expression in livers of the BALB/cJ and Sub13 strains. Because the Sub13 strain is on a BALB/cJ background and Zhx2 is the only gene exhibiting detected variation at the locus, strain differences should originate almost exclusively from the Zhx2 allele variant. We found 1084 differentially expressed genes, several of which are known to be involved in liver and plasma lipid metabolism (supplemental Table VII ). Earlier metabolic studies in CON15 and BALB/cJ strains revealed that reduced triglyceride levels in BALB/cJ are caused by enhanced lipoprotein lipase (LPl)-mediated lipolysis and plasma clearance of triglyceride-rich plasma lipoproteins. 13 The Lpl gene was among the genes exhibiting elevated expression in the BALB/cJ livers. To confirm the expression profiling data, the Lpl expression was further evaluated by quantitative PCR. Lpl was significantly elevated in BALB/cJ strain (3 to 5 fold) when compared with Sub13 strain ( Figure  4A ), and its expression was suppressed in BALB/cJ strain expressing the Zhx2 liver transgene ( Figure 4B ). We also Figure 3 . Liver-specific transgenic expression of Zhx2 in BALB/cJ mice increases plasma cholesterol and triglycerides. Liver-specific Zhx2 transgenic mice were repeatedly backcrossed to BALB/cJ, and mice homozygous for endogenous BALB/cJ Zhx2 allele were selected. These mice containing the Zhx2 transgene were then mated with BALB/cJ mice to generate littermates with and without the transgene. Plasma lipid levels were measured in 8-week-old fasted mice. Values are expressed as meanϮSEM.
measured expression of other genes known to be involved in modulation of lipase activity, including Apoc1, Apoc2, Apoc3, Apoa5, Angptl3, and Angptl4, and these were not significantly affected (Figure 4) . These findings indicate that Zhx2 acts as a suppressor of Lpl expression in the liver. Although low levels of Zhx2 resulted in increased expression of Lpl and most other differentially regulated genes, some genes such as Ear11 exhibited the opposite pattern (Figure 4) .
To further examine the effects of Zhx2 on developmental regulation, we monitored expression levels of Lpl and Ear11 in liver during development, beginning at birth. Low levels of functional Zhx2 in BALB/cJ mice led to an increase in Lpl levels compared with Sub13 mice throughout early development, indicating that Zhx2 acts to repress Lpl ( Figure 5A and  5B) . These results are similar to the effects of Zhx2 on ␣-fetoprotein and H19. Interestingly, a different developmen-tal expression pattern was observed in the case of Ear11, a member of the eosinophil-associated ribonuclease family. Although this gene may be repressed by Zhx2 immediately after birth, low levels of Zhx2 result in dramatically downregulated expression of Earl1 at 14 and 60 days ( Figure 5C ). Thus, the function of Zhx2 seems to be highly context dependent.
Discussion
Using a mouse QTL mapping strategy, we identified the Zhx2 transcription factor as a novel modulator of cholesterol and triglyceride metabolism. Our results indicate that Zhx2 plays a role in the developmental regulation of genes involved in lipid metabolism, although the mechanism by which lipids are affected is unclear.
One striking example of the molecular impact of Zhx2 deficiency that we identified is the repression of Lpl expression during postnatal development. Interestingly, Lpl is normally not expressed in adult liver. 22 Studies in rats have shown that Lpl expression is high during the fetal period but rapidly extinguished shortly after birth. 23 In fact, the expression pattern of the Lpl gene in hepatocarcinoma cell lines exhibits certain similarities to ␣-fetoprotein, and Lpl expression can be elevated in mice bearing liver tumors. 24, 25 In addition, the proximal promoter of the Lpl gene contains NF-YA binding sites known to play important roles in regulation of Lpl expression. 26, 27 Therefore, the altered plasma lipid phenotype could be a consequence, in part, of changes in Zhx2-mediated regulation of Lpl expression. Indeed, many apolipoproteins (eg, ApoA-I, ApoA-IV, ApoE, ApoB, and ApoC) and lipoprotein enzymes (eg, LPL, lecithin:cholesterol acyltransferase, and hepatic lipase) exhibit substantial temporal and tissue-specific alterations in gene expression during the fetal and neonatal periods. 22,28 -30 Zhx2 has not been shown to bind DNA directly, and the mechanism by which it modulates Lpl expression is also not clear. One possible mechanism could involve indirect interaction by binding to 1 of its DNA binding partners, such as Zhx3. 31 We did not observe transcriptional differences among strains at Zhx3 (quantitative PCR P valueϭ0.59) or at Zhx1 ( Figure  2A ). Although neither Zhx1 nor Zhx3 variations contributed to lipid metabolism in the MRLϫBALB/cJ cross, differences in Zhx3 were associated with high-density lipoprotein cholesterol levels in a CAST/EiϫC57BL/6J intercross (M. Mehrabian, Ph.D., and A.J. Lusis, Ph.D., unpublished data, 2009).
As yet, there have been few examples of the successful identification of genes contributing to QTL for complex traits in mice. Our strategy of narrowing the QTL by using subcongenic strains followed by expression screening and sequencing was effective but laborious. It is noteworthy that Chr.15 QTL in the original cross between MRL and BALB/cJ was large (log of the odds scoreϭ11.6), as QTL with very modest effects would clearly be much more difficult to identify with our strategy. 11 We previously showed that the Chr.15 congenic interval had a very large impact on atherosclerosis, much larger than would be expected from the relatively modest changes in lipoprotein levels. 12 Preliminary studies on a low-density lipoprotein receptor-null background . Quantitative PCR analysis of selected genes in livers of Sub13, BALB/cJ, and Zhx2 transgenic strains. BALB/cJ, Sub13 ,and littermate miceϮZhx2 transgene were fasted overnight and euthanized, and expression of selected genes was analyzed as described in Methods section. In addition to selected genes modulating plasma lipid metabolism, expression of Zhx2 and Ear11 (the most highly differentially expressed gene on the expression array; see supplemental Table VII ) was also measured. Results are expressed as the mean differences in expression levels for the indicated strains relative to BALB/cJ littermates (set to 1) Ϯ1 SD. *Significantly different mean expression value from control (PϽ0.05). support this conclusion (A. Erbilgin, B.S., P.S. Gargalovic, Ph.D., R.C. LeBoeuf, Ph.D. and A.J. Lusis, Ph.D., unpublished data, 2009). It therefore seems likely that Zhx2 also mediates other pathways related to atherosclerosis. In particular, the effect on the eosinophil-associated ribonuclease A family, member 11 (Ear11), that plays a role in inflammation, is intriguing. Recent evidence suggests that members of the family are expressed in macrophages, an important cell type in atherogenesis. 32 Clearly, future studies of Zhx2 and its role in lipoprotein metabolism and atherosclerosis are warranted. There are no reports of associations of Zhx2 polymorphisms with lipoprotein levels in human populations, but polymorphisms of the gene for Zhx3, which forms heterodimers with Zhx2, 19 have recently been significantly associated with triglyceride levels (S. Kathiresan, M.D., personal communication, 2009). Figure 5 . Analysis of mRNA expression levels during murine liver development in Sub13 and BALB/cJ strains. BALB/cJ and Sub13 male mice (nϭ5 per group) were euthanized at indicated time points after birth, and mRNA levels of Zhx2, Lpl, and Ear11 were analyzed by quantitative PCR as described in Methods. Results are expressed as the mean differences in expression levels for the indicated time points relative to expression in BALB/cJ at birth (set to 1) Ϯ1 SD.
